A comparison of alternative recreation impact survey designs for northeast Iowa by Ramm, Carl William
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1978
A comparison of alternative recreation impact
survey designs for northeast Iowa
Carl William Ramm
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, Animal Sciences Commons, Natural Resources and
Conservation Commons, and the Natural Resources Management and Policy Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Ramm, Carl William, "A comparison of alternative recreation impact survey designs for northeast Iowa " (1978). Retrospective Theses
and Dissertations. 6413.
https://lib.dr.iastate.edu/rtd/6413
INFORMATION TO USERS 
This was produced from a copy of a document sent to us for microfilming. While the 
most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the material 
submitted. 
The following explanation of techniques is provided to help you understand 
markings or notations which may appear on this reproduction. 
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting through an image and duplicating 
adjacent pages to assure you of complete continuity. 
2. When an image on the film is obliterated with a round black mark it is an 
indication that the film inspector noticed either blurred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will fînd a 
good image of the page in the adjacent frame. 
3. When a map, drawing or chart, etc., is part of the material being photo­
graphed the photographer has followed a definite method in "sectioning" 
the material. It is customary to begin filming at the upper left hand comer 
of a large sheet and to continue from left to right in equal sections with 
small overlaps. If necessary, sectioning is continued again—beginning 
below the first row and continuing on until complete. 
4. For any illustrations that cannot be reproduced satisfactorily by 
xerography, photographic prints can be purchased at additional cost and 
tipped into your xerographic copy. Requests can be made to our 
Dissertations Customer Services Department. 
5. Some pages in any document may have indistinct print. In all cases we 
have filmed the best available copy. 
UniversHv 
MicrcSRims 
International 
300 N /EEB ROAD, ANN ARBOR, Ml 48106 
18 BEDFORD ROW, LONDON WCIR 4EJ, ENGLAND 
790727S 
RAMM, CARL WILLIAM 
A COMPARISON OF ALTERNATIVE RECREATION IMPACT 
SURVEY DESIGNS FOR MORTHEAST IOWA. 
IOWA STATE UNIVERSITY, PH.D., 1973 
Universib/ 
MiciOTlms 
IrÉematiOnal 300N. ZEEB ROAD. ANN arbor, MI 48106 
A comparison of alternative recreation impact 
survey designs for northeast Iowa 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department: Forestry 
Major: Forestry Biometry 
by 
Carl William Ramm 
Approved : 
For the Major Department
For the Graduate College 
Iowa State University 
Ames, Iowa 
1978 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
The Problem - 1 
Literature Review 2 
SAMPLING RECREATION USE IMPACT IN IOWA—ALTERNATIVE DESIGNS 6 
Northeast Iowa—Description 6 
Use on Iowa Campgrounds 6 
Campsite Research Plots 8 
Data Collection on Campsite Plots 9 
Random Plots 14 
Data Collection on Random Plots 14 
Normality Assumptions 15 
COMPARISON OF SURVEY METHODS 17 
Internal Plot Composition of Alternative Methods 17 
Detecting Yearly Changes 30 
Comparing Current Conditions 34 
IMPROVING RESEARCH PLOT DESIGN 39 
Within Plot Correlation 39 
Design Modification of Random Plots 44 
SAMPLE SIZE FOR FUTURE SURVEYS 55 
Allocation for Multi-purpose Surveys 55 
Optimum Allocation across Strata for Fixed Costs 56 
Optimum Allocation across Strata for Fixed Variances 60 
Sample Sizes for Individual Campgrounds Based on Relative Error 64 
iii 
Page 
SUMMARY AND DISCUSSION 70 
Summary 70 
Discussion 71 
Future Research 73 
RECOMMENDATIONS 77a 
LITERATURE CITED 78 
ACKNOWLEDGMENTS 81 
1 
INTRODUCTION 
The Problem 
Public land managers in the north central United States are responsi­
ble for managing scarce forest recreation resources. Limited public funds, 
increasing maintenance and establishment costs, and rising prices for 
potential recreation areas force resource managers to seek, new methods for 
satisfying demand without losing resource attractiveness. Potential meth­
ods include management to increase use capacity (McEwen and Tocher, 1976) 
and regulating use by site capacity. Both methods require knowledge of 
site durability as well as monitoring of current site conditions and rela­
tionships between use intensity and ecological changes. 
In 1975 a group of foresters and forest economists, concerned about 
projected escalated use in the north central United States, initiated a 
four-year project to develop guidelines for more effective regional devel­
opment of forest and recreation resources. This regional research program 
encompassed nine land grant universities in the midwest, a major environ­
mental law firm, a state planning agency, and the interest and support of 
the Rockefeller Foundation.^ One component of the research program was 
designed to investigate ecological impacts of recreation use. A multi­
purpose survey design was developed and adopted as the standard sampling 
procedure for developed public camping areas. The survey annually measured 
The cooperators were; Iowa State University; Michigan State Univer­
sity; Ohio State University; Purdue University; Rockefeller Foundation: 
Ross, Hardies, O'Keefe, Babcock and Parsons, Attorneys-at-Law, Chicago; 
University of Illinois; University of Iowa; University of Minnesota; Uni­
versity of Missouri; University of Tennessee; University of Wisconsin; and 
the Wisconsin Bureau of Planning and Budget. 
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ground cover, understory vegetation, tree cover, and soil conditions on 
campsites. It was hoped that survey results would provide resource 
managers with information that would help increase the utility of their 
recreation areas and provide guidelines for selection, development, and 
management of future areas. 
For a majority of the states involved, a campground could be defined 
as a collection of identifiable campsites with supporting facilities. This 
is not true in Iowa, where campgrounds are commonly open old-field areas 
without defined individual campsites. This study was initiated in 1976 to 
determine the answers to two questions : 
1. Did the standard sampling procedure provide adequate information 
for Iowa campgrounds? 
2. Could an alternative procedure, tailored to Iowa campgrounds, pro­
duce adequate population estimates with better efficiency? 
Literature Review 
When measuring campsite or campground conditions, most researchers 
have used some type of multi-purpose survey. Such surveys have several 
advantages over univariate surveys: (1) several characteristics can be 
measured on the same set of sample elements; (2) repeated observations pro­
duce indices of change; (3) the variable set can be combined several ways— 
especially through multivariate methods—to produce different descriptive 
statistics; and (4) data can be collected more economically than through 
several univariate samples. 
There has been quite a diverse set of methods used to study campsite 
conditions. Merriam et al. (1971) mapped site boundaries, took 
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photographs, penetrometer readings, and on- and off-site tree cores on new 
campsites in the Boundary Waters Canoe Area (BWCA) in Minnesota. Later 
observations (Merriam and Smith, 1974) showed no significant difference 
between on- and off-site tree growth. Soil compaction peaked the second 
year and then leveled off. LaPage (1967) established four permanent sample 
plots on each of 17 campground units in a new campground in the Allegheny 
National Forest. By tabulating plant density and species composition 
before the campground opened, LaPage was able to document ecological adap­
tations to recreation use over three years. Drought- and compaction-
resistant species increased in number to maintain ground cover density as 
less resistant species delined in number. Magill (1963) established 37 
nested plots along transect lines on five heavily used campsites and 19 
nested plots on lightly used sites to evaluate ecological trends on Cali­
fornia campgrounds. He remeasured vegetation, plant litter, screening, and 
tree cover in 1966 (Magill, 1970) and found that trample-resistant vegeta­
tion and plant litter had increased, while tree growth rates showed no 
direct changes related to recreation. 
Paired plots comparing recreation sites to control sites have been 
used by a number of researchers. Lutz (1945) paired soil pits and soil 
samples on used and unused areas in picnic grounds in three Connecticut 
state parks. He found that trampling increased soil bulk density and 
decreased soil pore volume, air capacity, infiltration rates, and perme­
ability. Frissell and Duncan (1965) compared basal area, soil compaction, 
ground cover, and litter and humus depth for 20 matched campsites and con­
trol areas in the BWCA. Campsite plots lost an average of 85% of their 
ground cover compared to control plots; however, the amount of change did 
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not increase with increasing use. Litter and humus layers were reduced an 
average of 65% below control plots, and compaction (measured by infiltra­
tion) increased with use. Settergren and Cole (1970) matched three similar 
campgrounds with adjacent unused areas in the Missouri Ozarks. Using 
permanent plots and line transects they found that soil compaction reduced 
ground cover, caused erosion, and produced crown dieback in the tree 
canopy. Dawson et al. (1978) used paired plots along Iowa campground 
boundaries to describe soil and vegetation patterns. Campgrounds had sig­
nificantly lower soil macropore space and percent organic matter and sig­
nificantly higher surface bulk density and soil pH. 
Young (1978) used line transects and density plots, stratified by soil 
association group and use intensity, to sample species abundance and den­
sity in Illinois campgrounds. The greatest changes occurred between unused 
and lightly used sites; the least changes occurred between moderately and 
heavily used sites. Lightly used sites had more vegetation; heavily used 
sites had more bare ground. 
Systematic sampling has been used to establish site condition and to 
evaluate cultural treatments to improve vegetation cover (Herrington and 
Beardsley, 1970; Beardsley et al., 1974). Fay (1975) used systematic sam­
ples on study plots on a shelter area of the White Mountain National Forest 
in New Hampshire to compare cultural methods to reestablish ground cover. 
DeVos and Bailey (1970) looked at the relative frequency of herbs and 
shrubs with transects on two campgrounds in Riding Mountain National Park, 
in Manitoba. Exogenous and pioneer species, primarily a grass-forb associ­
ation, were found to dominate intensively used sites. Scoles (1977) used a 
five-foot interval grid to measure surface bulk density and percent bare 
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ground on two major Ohio campground systems. Surface bulk density detected 
use patterns more distinctly than percent bare ground. Concentrated use 
patterns were found for campsites with permanent or semi-permanent site 
facilities, while sites without such facilities had more diffuse use pat­
terns. Schmittgen (1977) found significant changes with use in soil mois­
ture, bulk density, porosity, and soil pH on the same campgrounds. 
Stratification and post-stratification have also been used to evaluate 
ecological changes. Ripley (1962) post-stratified a random sample of 
42 picnic sites and campsites by soil origin and used multiple regression 
to relate eight dependent and 18 independent variables. He found increased 
crown closure was related to detrimental changes in the amount of under-
story and soil erosion. Dotzenko et al. (1967) stratified sites by use 
intensities in three campgrounds in Rocky Mountain National Park to inves­
tigate soil conditions. Increased use produced increased average bulk 
density, lower percent organic matter, and significantly reduced surface 
soil moisture. Young and Gilmore (1976) stratified Illinois campgrounds by 
soil association groups and replicated four use levels in randomly selected 
campgrounds within each soil group. Each site was divided into interior 
and exterior concentric circles, and soil properties were randomly sampled 
within each circle. No differences were detected within plots. Soil com­
paction and pH increased with increased use level, as did concentrations of 
Ca, K, Na, P, and N. Percent organic matter was highest for moderate use 
levels and ranked lowest for control plots. This rather unexpected result 
was believed due to restricted moisture regimes on high use intensity sites 
retarding decomposition. 
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SAMPLING RECREATION USE IMPACT IN IOWA—ALTERNATIVE DESIGNS 
Northeast Iowa—Description 
The study area in Iowa consisted of five northeast Iowa counties; 
Allamakee, Clayton, Fayette, Howard, and Winneshiek. These counties cover 
3,114,560 acres and are bordered on the east by the Mississippi River and 
on the north by Minnesota. Approximately 19% of the area is forested, with 
Allamakee and Clayton counties containing over 10% of Iowa's total wood­
lands. The surface geology of the area varies, with alluvium, glacial 
till, loess, and exposed sandstone and limestone occurring. There are six 
major soil associations, ranging from glacial till soils on relatively flat 
lands to loess soils overlying steep ridges and sideslopes. 
Thirteen developed public camping areas with visitor use data avail­
able were studied (Table 1). Nine areas are managed by state agencies, two 
areas by county conservation agencies, and one by city government. The 
majority of the campgrounds were developed in the 1960's; however, one was 
opened in 1972, and two others have been popular camping areas since 1917. 
Campgrounds range in size from Jg acre to 26 acres, with the median size 
being four acres. 
Use on Iowa Campgrounds 
Current Iowa campgrounds were usually established on old field sites. 
Each campground has an access road and permanent fire bases distributed 
across the area. Individual campsites with clearly defined boundaries do 
not exist. Until 1978 only one campground (i.e., Decorah) had specific 
numbered campsites with adjacent car pads; both Pikes Peak and Backbone 
State Parks converted to this system in 1978. Commonly, users would enter 
Table 1. Description of Iowa campgrounds included in the study 
No. of 
Approx. camp- No. of 
Stratum Managing Rel. use ^ size sites ^ random 
Name # agency Fee level Age (Ac) sampled plots 
Decorah Campgromd 1 City Yes High 6 10 3 6 
Pikes Peak 2 State Park Yes Medium 13 5 3 6 
Gouldsberg 3 County Yes Low 11 2 1 3 
Siewer's Springs 4 State Park No Medium 14 0.5 1 1 
Little Paint Creek 5 State Forest No High 13 24 3 6 
Little Paint-Wayside 6 State Forest No Low 13 1 1 1 
Big Paint Creek 7 State Forest No High 13 10 3 6 
Paint Creek Overlook 8 State Forest No Medium 13 4 3 3 
Sawmill Overlook 9 State Forest No Low 13 1 1 3 
Horseloading Areas 10 State Forest No Low 13 2 1 1 
Osborne Recreation Area 11 County Yes Medium 3 2 3 4 
Backbone-Main Campground 12 State Park Yes High 12^ 26 4 3 
Backbone-Upper Campground 13 State Park Yes Medium 4 
91.5 
3 
30 
_3 
46 
®Age of campground in 1975. 
^Plots established 1975. 
^Plots established 1976, 
^as received use since 1917. 
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a campground, select a camping spot, leave the access road, and drive 
across the campground to their chosen site. Since camping was not 
restricted to sites with permanent fire bases, camping sites tended to be 
haphazardly located across the campground area. Even Decorah—the most 
structured campground in the study—posted signs warning people not to park 
on the grass. It is not uncommon for recreational vehicles to cluster in 
groups away from established sites. Also, campers using stoves may locate 
their tents or trailers away from established sites. 
Because of their open field nature, shade is rare in central regions 
of Iowa campgrounds. Consequently shaded sites and shaded sections of 
campground boundaries are favorite camping locations. 
Campgrounds such as those at Decorah, Backbone State Park, and Yellow 
River State Forest receive both (overnight) transient users and long-term 
users. Decorah, because of its central location and well-maintained 
grounds, attracts vacationers who return year after year. Campgrounds at 
Yellow River State Forest and Backbone State Park attract long-term users 
because of their scenic beauty, adjacent stocked trout streamb, mm wide 
recreational opportunities. In addition. Yellow River State Forest does 
not charge camper or user fees. 
Campsite Research Plots 
Campsite research plots were established on campsites without perma­
nent recreation support structures (e.g., trash cans, water faucets) within 
50 feet of the campsite center. The 50-foot restriction was to insure that 
site use would come exclusively from site occupancy. Once sites were 
selected, the research plot center was defined as the point of highest use 
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within the campsite. Permanent fire rings or areas of bare ground with 
rock-like surfaces were used as indicators of the focus of campsite use 
and were therefore defined as plot centers. Three radial transects were 
laid out from plot center, with the first on a random azimuth and the 
others 120° to each side. Sample points were systematically located in 
three zones along the transects. These zones (Figure 1) were concentric 
circles with zone I having a 16-foot radius, zone 2 being the area between 
16 and 32 feet, and zone 3 being located from 32 feet to 48 feet. Sample 
points were located in the middle of each use zone at 8, 24, and 40 feet. 
It was hypothesized that zone 1 would receive maximum use, zone 2 inter­
mediate use, and zone 3 minimal use. Zone 3 was intended to provide con­
trol site information (i.e., information on similar sites not receiving 
recreation use). The 48-foot transect length was selected because Forest 
Service campgrounds generally have campsites established at approximately 
100-foot intervals along access roads. 
Data Collection on Campsite Plots 
Campsites were selected randomly within each campground. Thirty sites 
were selected for the study in 1975. Thirteen variables were measured on 
each research plot (Table 2). Species and diameter at breast height (dbh.) 
were recorded for all trees over four inches dbh. that fell within a ten-
foot strip centered on each transect. A square mil-acre quadrat was 
centered on each of the nine sample points, and all shrubs over three feet 
tall and under four inches dbh. were counted and identified. A k mil-acre 
quadrat was then centered within the mil-acre quadrat to measure ground 
cover and understory vegetation. Cover is defined as the "proportion of 
10 
Figure 1. Design of sample plot for estimating recreation impact 
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Table 2. Description of variables 
Vegetation 
Number of sterns/mil-acre (< 3" tall) 
Percent grass/^s mil-acre 
Percent herbaceous vegetation/^; mil-acre 
Percent woody vegetation/^; mil-acre 
Percent bare ground/^; mil-acre 
Percent litter/îj mil-acre 
Trees 
0-25% 
25-50% 
50-75% 
75-100% 
Crown cover/plot: measured in four classes 1 
2 
3 
4 
Basal area (sq ft)/plot 
Number of trees/plot 
Soil 
Permeability: measured by portable air permeameter, 4 measurements/sample 
point, in psi. 
Bulk density: determined from soil core taken to 3" depth, in g./c.c. 
Soil pH; determined by glass electrode pH meter on 25 gram oven-dried 
sample 
Percent organic matter: determined by heating 25 gram oven-dried sample at 
600 Celsius for 24 hours 
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ground occupied by perpendicular projection onto it of the aerial parts of 
individuals of the species studied" (Greig-Smith, 1957). Ground cover was 
categorized as percent litter or percent bare ground, the categories being 
mutually exclusive and combining to 100% cover. All perennial grasses were 
classified as litter because of their accumulated organic matter. Under-
story vegetation was measured in terms of percent woody vegetation, percent 
herbaceous vegetation, and percent grass. These categories were not 
defined to total 100%. 
Tree cover was also measured on each sample point. Basal area was 
estimated with a ten-factor wedge prism centered over each sample point. 
Crown closure was visually separated into one of four classes (i.e., 0-25%, 
25-50%, 50-75%, and 75-100%), and only the class recorded for each point. 
It was agreed by participating states that tree cover should be measured 
only the first and fourth years, unless obvious changes (i.e., stumps) were 
observed. During the fourth year, increment cores were also collected from 
three trees in each of the first and third zones. One tree in each zone 
Wctb SêlècLed TrOui êâcVi Of tiixTcc ulûmcLcjC clàSâcB I 4—8 ilichss dbh.j S"12 
inches dbh.; and over 12 inches dbh. Species, age, dbh., five- and ten-
year increments, and total height were recorded for each tree selected. 
When a diameter class was not represented in a plot, the class was omitted. 
It was rare to find all six trees on one plot in Iowa. 
Soil samples were collected only on the first transect. Four perme-
ameter readings (Steinbrenner, 1959) in p.s.i. were taken at random loca­
tions within the h mil-acre quadrat on each sample point. These four read­
ings were then averaged to estimate soil macropore space on each sample 
point. A three-inch core sample was then taken at each sample point to 
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determine surface bulk density, soil pH, and percent organic matter. Each 
core sample was oven-dried for 24 hours at 100°C, then weighed to calculate 
bulk density. The dried core was then sieved through a 2-mm. mesh screen 
and separated into two 25 gram samples. One 25 gram sample was used to 
determine percent organic matter by combustion for 24 hours in a 600°C muf­
fle furnace. The other 25 gram sample was used to determine soil pH with a 
glass electrode pH meter. 
Physiographic, climatological, and use data were also collected. 
Physiographic variables included slope, aspect, topographical position, 
soil type, and forest type of the site. Minimum and maximum monthly tem­
peratures, dates of the first frost and last freeze, and mean monthly pre­
cipitation for each campground were obtained from the Iowa climatological 
network of the Environmental Data Service. Use data were obtained from 
each area manager and divided by total number of sites on each area to pro­
duce estimates of average number of visitors and average number of visitor-
days per site. 
Data were collected during the months of June and July from 1975 to 
1978. Two events possibly had an affect on survey results. The first was 
a severe drought during 1976 and 1977, which caused extensive ground cover 
dieback. Secondly, several campsite plots were lost over the study period 
due to campground modernization and vandalism. The number of campsite 
plots decreased from 30 to 23, due to losses at Backbone State Park and 
Yellow River State Forest. 
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Random Plots 
A review of the above techniques in 1976 suggested they might be inap­
propriate when applied to Iowa campgrounds. Campgrounds in northeast Iowa 
are intrinsically different from recreation areas in the other five states 
involved in the regional study.^ Specifically, unrestricted camping and 
the absence of defined individual sites may cause recreation impact to be 
underestimated. In other states, campgrounds are basically collections of 
individual sites with supporting facilities, and average site conditions 
can be attributed to and used as a measure of total impact of use on a 
campground. It is doubtful that estimates of campsite conditions can be so 
used in Iowa. Also, as managers apply most management practices to camp­
grounds and not to individual sites, it is doubtful if campsite data alone 
will be adequate. For these reasons, it was believed necessary to gather 
data on campgrounds as well as campsites. 
As the survey was restricted to campsite-specific use and excluded 
camping impact on other areas, 46 random plots were established in Iowa's 
13 study campgrounds to provide this information. Stratified random sam­
pling procedures were used, with each campground designated as a separate 
stratum. 
Data Collection on Random Plots 
Random plots were located in each campground by finding and referenc­
ing permanent starting points. Azimuths and distances from the starting 
point were selected from random numbers tables, those locations falling 
^The five sites involved in this part of the study were; Illinois, 
Indiana, Michigan, Minnesota, and Ohio. 
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within the campground were used as plot centers. Sample size, due to time 
limitations, was set at six plots in the larger campgrounds and three plots 
in the smaller campgrounds. In very small campgrounds (e.g., Siewer 
Springs) where more than one plot would duplicate information, only one 
plot was established. These single-plot campgrounds were then collectively 
treated as one stratum. 
Plot design and data collection were essentially the same as for camp­
site plots. Exceptions involved use zones and methods of sampling tree 
cover. Although the same plot design was used, no use zones were believed 
to exist within random plots because recreation use was not focused on a 
central point (e.g., fire ring) nor channeled into patterns due to site 
boundaries. Because of the scarcity of trees on Iowa campgrounds and the 
overlap of the ten-foot wide transects near plot center, all trees on ran­
dom plots were identified and their diameter recorded. This procedure was 
believed to be more accurate and as time efficient as procedures used on 
campsite plots. Data were collected during the months of June and July of 
1976 and 1977 and compared with data from campsite plots for the same two 
years. 
Normality Assumptions 
It would be convenient to assume approximate Gaussian distributions 
for all variables, but skepticism requires some proof. Goodall (1970) 
noted that knowledge of sampling distributions for estimated population 
parameters was desirable but uncommon, because vegetation was rarely homoge­
neous. Distributions will depend on vegetation patterns and sample size. 
Some quantitative measures of vegetation may approach normality but be 
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notably skewed. Skewed distributions can cause serious departures from 
normality for even moderately large sample sizes. Hosteller and Tukey 
(1977) stress the importance of detecting straggling tails of distribu­
tions, because a minor percentage of data points so located can greatly 
affect sample means and variances. Relative efficiencies are also affected 
by small differences in distribution shapes. Cochran (1977) discusses how 
positively skewed distributions change confidence probabilities. 
The assumption of normality can be examined through a chi-square good­
ness of fit test or by testing skewness and kurtosis (Snedecor and Cochran, 
1967). However, because of the small sample sizes drawn from each camp­
ground, it was impossible to judge nonnormality. Data for all campgrounds 
could be pooled to achieve the necessary degrees of freedom, but mixing 
even similarly shaped distributions with similar means but different stan­
dard deviations can drastically influence results. Reexpressing the data 
as folded logs (Tukey, 1977) also proved inadequate. Therefore, because 
the Gaussian distribution is convenient and many statistical results are 
relatively robust for nonnormal populations, it was used as a cautious 
approximation of actual distributions. In addition, plot means were used 
as the sample characteristics in stratified sampling formula, as means tend 
to be normally distributed regardless of their parent population. 
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COMPARISON OF SURVEY METHODS 
Internal Plot Composition of Alternative Methods 
To determine if either campsite or random plots indicated an impact 
gradient outward from plot center, a split-plot analysis of variance 
(Snedecor and Cochran, 1967) was done on the vegetation data from each 
method for 1976 and 1977 (Tables 3 and 4). As there was an unequal number 
of plots per campground, campground effects were not included and will be 
confounded with plot differences. Basal area and crown closure were not 
included in the 1977 analysis of variance (ANOVA) because no changes were 
recorded. 
In 1976, campsite plots showed significant differences between plots 
for number of stems, percent grass, percent herbaceous vegetation, percent 
bare ground, and basal area. As significant differences between the three 
transects were found only for number of stems and basal area, perhaps sam­
pling efficiency would be increased by using fewer transects per plot. 
Transect differences could be due to a majority of campsite plots being 
selected along campground boundaries. Usually at least one of the three 
transects entered the adjacent forest. These transects would go from a 
scarcity of saplings and trees to an abundance, causing transect differ­
ences. 
More importantly, point differences were highly significant for number 
of stems and significant for percent herbaceous vegetation and percent bare 
ground in 1976. The points referred to are the three sample points along 
each transect at 8, 24, and 40 feet from plot center. Number of stems and 
Table 3. Split plot analysis of campsiite and random plot vegetation characteristics for 1976 
Variable mean squares 
Percent Percent Percent 
Number woody Percent herbaceous bare Basal Crown 
Source d.f. of stems vegetation grass vegetation ground area closure 
Campsite Plots 
Plot 29 3.46* 14,80 5,679.40** 1,244.86* 1,731.48** 5,306.86** 4.58 
Transect 2 8.08* 23.00 2,030.98 419.88 406.71 2,278.78* 5.12 
Error A 58 2.00 16,49 1,060.50 684.60 641.07 706.45 2.95 
Point 2 13.26** 41,88 1,788.45 6,728.66* 8,709.12* 473.10 1.74 
Point X Transect 4 3.45 13., 39 543.96 112.53 251.12 413.73 0.41 
Error B 174 2.04 17.,01 646.63 306.68 442.48 250.10 1.04 
Random Plots 
Plot 45 2.35 8,42 7,033.50** 1,567.16** 767.95** 5,666.97** 7.79 
Transect 2 0.64 8.56 408.42 156.10 29.43 58.70 1.16 
Error A 90 2.61 8.. 70 768.58 241.18 303.42 634.25 1.66 
Point 2 2.13 5.80 13.74 112.42 287.41 276.09 1.46 
Point X Transect 4 2.71 7.12 498.77 49.93 124.27 217.39 0.61 
Error B 270 2.68 8.46 390.40 173.54 307.45 270.54 0.78 
'^Significant at the .05 level. 
**Significant at the .01 level. 
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Table 4. Split plot analysis of campsite and random plots for 1977 
Variable mean squares 
Number Percent Percent Percent 
of woody herbaceous Percent bare 
Source d.f. stems vegetation vegetation grass ground 
Campsite Plots 
Plot 22 0.44 6.93 1,288.90** 5 ,224.90** 807.08 
Transect 2 1.14 6.65 236.76 903.27 237.20 
Error A 44 0.44 7.02 449.44 1 ,101.59 467.40 
Point 2 1.25* 6.91 2,048.32** 2 ,941.12* 4,241.65** 
Point X Transect 4 0.81 6.81 893.16** 190.13 82.07 
Error B 128 0.43 7.22 352.32 631.58 317.61 
Random Plots 
Plot 45 0.16 8.64 857.73** 6 ,604.87** 905.88** 
Transect 2 0.27 10.59 199.31 756.10 150.53 
Error A 89 0.16 8.19 254.69 505.51 204.45 
Point 2 0.14 3.62 171.70 760.76 10.60 
Point X Transect 4 0.16 9.68 313.58 366.45 284.546 
Error B 224 0.19 8.65 150.84 304.61 172.00 
*Significant at a = 0.05. 
**Significant at a = 0.01. 
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percent herbaceous vegetation increased with distance from plot center 
(Figure 2) while percent bare ground decreased (Figure 3). 
Recreation use causes mechanical damage to plants, decreasing the num­
ber of species (Grime, 1973) and leading ultimately to bare ground (Liddle, 
1975). Plants are also affected by compaction resulting from visitor use. 
Compaction reduces aeration and is detrimental to plant growth on most 
medium- to heavy-textured soils (Lull, 1959). 
For 1977, only percent grass and percent herbaceous vegetation showed 
campsite plot differences while number of stems, percent grass, percent 
herbaceous vegetation, and percent bare ground showed point differences. 
Again number of stems and percent herbaceous vegetation increased with dis­
tance from plot center and percent bare ground decreased. In Ohio, a study 
using a similar plot design on campsite plots also showed percent bare 
ground to decrease with distance from plot center (Schmittgen, 1977). For 
percent grass, points 24 feet from plot center ranked higher than points at 
40 feet, and points at 8 feet ranked lowest (Figure 3). 
The point ordering for percent herbaceous vegetation, number of stems, 
and percent bare ground is logical (i.e., less use impact with distance) 
and supports the hypothesis of a use gradient, but one can only speculate 
on the ordering of percent grass. Perhaps, contrary to assumptions, zone 3 
also receives general use from off-site users. Overall, it may be that 
more point differences were found in 1977 as a result of the drought, since 
vegetation under water stress may be affected by recreation use sooner than 
healthier plants. 
Random plots showed only plot differences for percent grass, percent 
herbaceous vegetation, percent bare ground, and basal area for both years. 
Figure 2. Point averages for number of stems and percent herbaceous vege­
tation on campsite plots for 1976 and, 1977 
Average percent herbaceous vegetation Average number of stems 
o o o 
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Figure 3. Point averages for percent grass and percent bare ground on campsite plots for 1976 and 
1977 
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Lack of significant differences between points and transects supports the 
adequacy of the randomization procedure and the validity of the plot design 
as a sampling unit. It also indicates that a modified sampling frame using 
more plots and fewer transects (and thereby fewer points) per plot may 
increase sampling efficiency. 
Because soil characteristics were sampled on only one transect, point 
differences were examined using a randomized block design (Snedecor and 
Cochran, 1967) with plots as blocks and points (distance from plot center) 
as treatments (Table 5). For campsite plots, point differences were found 
for permeability resistance (p.s.i.), bulk density (g./c.c.), and percent 
organic matter in 1976 and for permeability resistance and bulk density in 
1977. Percent soil macropore space (as measured by permeability resis­
tance) increased and bulk density decreased with distance from plot center 
(Figure 4). The same distance relationships were found in Ohio by 
Schmittgen (1977). For percent organic matter, 1976 values at 24 feet 
averaged highest, followed by those at 40 feet and those at 8 feet (Fig­
ure 4). The point di£fej.erieeâ for permeability resistance zind bulk density 
indicate that compaction decreases with distance from plot center. In com­
pacted soils, permeability is reduced and bulk density increased as soil 
aggregates are crushed and particles fill the interaggregate spaces, 
decreasing total macropore space. 
It is unclear why percent organic matter decreased from zone 2 to 
zone 3, Theoretically zone 3 would have the least use and therefore have a 
higher percentage of organic matter. For Ohio campsites, Schmittgen (1977) 
found percent organic matter increased with distance from plot center. His 
results agreed with Dotzenko et al. (1967) who found percent organic matter 
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Table 5. Plot and point differences for soil variables, by individual 
years, for campsite and random plots 
Percent 
Permeability Bulk Soil organic 
Source d.f. resistance density pH matter 
1976 Campsite Plot Mean Squares 
Plot 
Point 
Error 
29 
2 
58 
22.984** 
35.220** 
5.245 
0.084** 
0.182** 
0.025 
0.466** 
0.051 
0.0834 
21.009** 
32.034* 
9.944 
1977 Campsite Plot Mean Squares 
Plot 
Point 
Error 
Plot 
Point 
Error 
Plot 
Point 
Error 
22 
2 
44 
45 
2 
85 
45 
2 
85 
19.819** 
19.303** 
4.121 
0.070** 
0.170** 
0.019 
12.868** 
1.042 
2.942 
0.068** 
0.012 
0.010 
32.611** 
0.304 
0.922 
0.135** 
0.002 
0.011 
0.566** 
0.006 
0.038 
1976 Random Plot Mean Squares 
0.329** 
0.004 
0.042 
1977 Random Plot Mean Squares 
0.501** 
0.006 
17.383** 
4.505 
2.453 
15.411** 
0.125 
2.104 
16.756** 
0.412 
•Significant at a = 0.05. 
**Signlficant at a = 0.01. 
Figure 4. Point averages for percent macropore space, bulk density, and 
percent bare ground on campsite plots for 1976 and 1977 
28 
•«-> (U 
c o 
0) 10 
tx 
(/) 
u 
s-
0) 
Ol 0) 
s-
01 o 
cn Q> 
ro O 
s-
a> 
> 
< 
s. 
o 
lO 
E 
2 5  
1 5  
A  1 9 7 6  
•  1 9 7 7  
8  2 4  4 0  
Distance from plot center (ft.) 
0) 
"O 
3 
-q 
01 
o> 
rtJ 
t-
0) 
> 
«c 
1 . 5  
o 
o 
o> 1 . 0  A 1 9 7 6  
•  1 9 7 7  
L_ J 
8  2 4  4 0  
Distance from plot center (ft.) 
Q n 
(XS 
o> 
O 8 . 0  
o I a / 0  
•  1 9 7 7  
7 . 0  
± J 
8  2 4  4 0  
Distance from plot center (ft.) 
29 
was lowest in heavily used campsites. However, Young and Gilmore (1976) 
found that soil organic matter increased with increased use and resulting 
compaction of campsites in Illinois. Possibly, the overall assumption was 
incorrect, and in Iowa zone 3 receives general campground use as well as 
site-specific use. 
For random plots there were no point differences for any of the soil 
variables for either year. This homogeneity of conditions within plots 
indicates that systematic sampling would be imprecise for random plots, 
while precise for the heterogeneous campsite plots (Cochran, 1977). The 
point differences also validate the assumptions of use zones for campsite 
plots and the value of random plots as sample units. 
It should be noted that soil pH showed no difference between points 
for either method. These results disagree with Schmittgen (1977) , who 
found pH decreased with distance from plot center on similar campsites. 
Young and Gilmore (1976), Dawson et al. (1978), and Papamichos (1966) have 
reported that pH increased as use levels increased. The insensitivity of 
pH to detect changé Ou campsite plots may be due to its reaching an equi­
librium with use levels. Minor changes could occur year to year, but over 
time pH would remain relatively constant. This leveling off of response 
with time has been hypothesized for several other variables, including bulk 
density and porosity. If insensitivity is not due to other causes (e.g., 
coarseness of lab procedures), then pH would not be a likely candidate for 
future monitoring of campground conditions. 
Comparing the results for both methods, individual campsites provide 
little insight into campground conditions. In terms of plot design, both 
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methods could be Improved by changing the design to include more points and 
fewer transects and by increasing sample size. 
Detecting Yearly Changes 
Split-plot analyses of variance for vegetation were further developed 
by combining 1976 and 1977 data and looking at yearly differences (Tables 6 
and 7). Random plots showed yearly differences for percent grass, with 
1977 means greater than those for 1976, while campsite plots had signifi­
cant differences between years for number of stems, percent woody vegeta­
tion, percent grass, and percent bare ground (Figures 2 and 3). For number 
of stems, percent woody vegetation, and percent bare ground, 1976 levels 
were larger; for percent grass, 1977 means were greater (Figures 1 and 2). 
Number of stems may have changed for campsite plots because several camp­
ground boundaries were enlarged in 1977. As most campsite plots were near 
campground perimeters, this could have reduced the number of stems falling 
within plot boundaries. Significant differences for plots, transects, and 
points follow those for the individual year split-plot analyses (see Tables 
3 and 4). In terms of changing vegetation over years, campsite plots evi­
dently measure a different population than do random plots. Again, camp­
site conditions are not a good Indication of campground conditions. 
Yearly differences for soil variables were examined with a similar 
split-plot analysis of variance (Table 8). Plots were again used as 
blocks, with distance from plot center as primary treatments and years as 
the split-plot treatments. Because of unequal sample allocations between 
campgrounds, campground differences are again confounded with plot effects. 
For campsite plots, significant differences between years were found only 
Table 6. Split plot analysis of variance for campsite plots 
Percent Percent 
woody Number herbaceous Percent Percent 
Source d.f. vegetation of stems vegetation grass bare ground 
Plot 29 19.362 3.075 2,028.758** 9,397,983** 2,141.449** 
Transect 2 15.882 8.054 608.260 2,753.506 244.260 
Error A 58 21.164 2.034 883.974 1,792.525 910.260 
Point 2 43.267 12.099** 8,314.248** 4,482.132 12,647.943** 
Point X Transect 4 14.233 3.794 744.418 413.103 278.702 
Error B 171 21.309 1.889 487.650 978.358 608.813 
Year 1 16.423** 3.394** 474.088 1,508.420** 4,102.461** 
Year x Plot 22 0.9116 0.9448** 255.579 323.138 266.661** 
Year x Transect 2 13.774** 1.161 48.383 180.748 419.651* 
Error C 44 0.3592 0.4015 186.633 136.647 112.558 
Year x Point 1 5.515* 2.412* 462.730* 247.931 302.830* 
Year x Point x Transect 4 5.967** 0.4686 261.270 320.983 54.490 
Error D 128 1.467 0.6378 110.566 188.416 95.402 
^Significant at a = 0.05. 
**Significant at a = 0.01 . 
Table 7. Split plot analysis of variance for random plots 
Percent Percent 
woody Number herbaceous Percent Percent 
Source d.f. vegetation of stems vegetation grass bare ground 
Plot 45 16.804 1.567 2,087.652** 11,830.039** 1,479.853** 
Transect 2 18.950 0.4664 335.124 484.025 29.238 
Error A 89 16.&05 1.8456 432.858 994.861 368.999 
Point 1 9.306 1.264 248.883 323.489 71.501 
Point X Transect 4 16.534 1.715 182.679 729.309 348.204 
Error B 240 16,301 3.184 250.986 515.899 364.614 
Year 1 0.0404 2.701 48.720 8,059.624** 22.547 
Year x Plot 45 0.2489** 0.943 337.236** 1,808.345** 171.237 
Year x Transect 2 0.2048 0.44098 20.290 680.497 187.278 
Error C 89 0.0844 0.9249 63.016 279.230 115.086 
Year x Point 2 0.1158 1.0030 35.244 450.646 103.905 
Year x Point x Transect 4 0.2612 1.1546 180.830 135.911 59.868 
Error D 222 0.1669 0 66.911 168.164 89.269 
^^Significant at a = 0.01. 
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Table 8. Split plot analysis of campsite and random plot soil characteris­
tics 
Variable mean squares 
Source d.f.* 
Permeability 
resistance 
Bulk 
density 
Soil 
pH 
Percent 
organic 
matter 
Campsite Plots 
Plot 29 33.178** 0.132** 0.739** 28.489** 
Point 2 53.926** 0.348** 0.048 31.962* 
Error A 58 7.367 0.034 0.091 8.064 
Year 1 564.752** 0.029 0.054 0.537 
Year x Plot 22 6.382** 0.008 0.206** 7.518 
Year x Point 1 0.598 0.003 0.009 4.576 
Error B 44 1.323 0.008 0.028 4.932 
Random Plots 
Plot 45 33.320** 0.150** 0.702** 29.345** 
Point 2 1.094 0.010 0.002 0.040 
Error A 85 2.799 0.013 0.054 3.252 
Year 1 131.479** 0.011 0.930** 6.716* 
Year x Plot 45 12.159** 0.053** 0.128** 2.823** 
Year x Point 2 0.252 0.003 0.010 0.497 
Error B 82 1.071 0.008 0.028 1.388 
^Missing data leads 
*Significant at a = 
**Significant at a = 
to loss of degrees of freedom for error variances. 
0.05. 
0.01.  
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for permeability resistance, with 1977 estimated average macropore space 
being larger. Point differences were as before for permeability resistance 
(macropore space), bulk density, and percent organic matter (Figure 4). 
For random plots, significant differences between years were found for 
permeability resistance, soil pH, and percent organic matter. 1977 aver­
ages were higher for pH and percent organic matter, while 1976 averaged 
higher macropore space. There were no significant differences between 
points for any soil variable. 
There is little agreement between methods on changes in soil or vege­
tation over 1976 and 1977. Campsite plots changed in permeability resis­
tance, number of stems, percent woody vegetation, percent bare ground, and 
percent grass between 1976 and 1977. In comparison, random plots had 
yearly differences for permeability resistance, pH, percent organic matter, 
and percent grass. Campsite plots changed predominately In vegetation, 
while random plots had soil differences between years. 
Comparing Current Conditions 
The previous results come from comparing experimental designs and 
not from direct comparison of the two plot types. Therefore, as the 
areas were stratified by campgrounds and plots randomly located within each 
stratum, stratified sampling formula (Sukhatme and Sukhatme, 1970) were 
used to produce means and variances to compare methods by t-statlstics. To 
avoid losing information on campgrounds having only one plot, all such 
strata were pooled into one stratum, campground 14. Therefore, random 
plots are distributed among 11 strata, with stratum 14 containing Wayside 
and Horseloading campgrounds on the Yellow River State Forest and Siewer's 
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Springs. Stratum 14 for campsite plots includes the same three campgrounds 
along with Gouldsberg Campground and Sawmill Overlook campground at Yellow 
River State Forest. 
Two types of t-tests were run, based on whether two-tailed F tests 
(Steel and Torrie, 1960) indicated equal variances for both methods. Those 
variables with unequal variances used the standard t-test for unpaired 
observations with unequal variances. 
Unequal variances were found for number of stems, percent herbaceous 
vegetation, percent bare ground, and trees per plot in 1976 and for number 
of stems, percent grass, and percent bare ground in 1977. Tables 9 and 10 
show the stratified means and their variances for 1976 and 1977. In 1976, 
all but one variable—permeability resistance—of those with equal variances 
had significant differences between methods at the 95% confidence level or 
higher (Table 11). For variables with unequal variances, number of stems, 
percent herbaceous vegetation, and trees per plot had significant differ­
ences for 1976. For those variables having equal variances in 1977, percent 
woody vegetation, percent herbaceous vegetation, permeability resistance, 
and soil pH had significant or highly significant differences between 
methods. Of those variables having unequal variances, number of stems and 
percent grass showed significant differences between methods in 1977. 
Looking at understory vegetation and soil conditions, in 1976 ten of 
twelve variables showed significant differences between methods. In 1977, 
six of the nine variables showed significant differences between methods. 
These results agree with those of comparing split-plot analyses of vari­
ance, in that campsite plots are not good indicators of campground condi­
tions. 
36 
Table 9. Stratified means and mean variances for campsite and random plots, 
1976 
Random plots Campsite plots 
Mean Mean 
Variable Mean variance Mean variance 
Number of stems 0, .132 0, .004 0. 460 0. 018 
Percent woody vegetation 0. ,289 0. ,035 0. 723 0. 064 
Percent herbaceous vegetation 9. ,209 3. 391 19. 605 7. 144 
Percent grass 47. ,270 9. ,028 41. 312 11. 930 
Percent bare ground 10. 769 5. , 066 15. 782 9. 879 
Basal area 36. 545 9. 037 48. 990 9. 019 
Crown class 2. 247 0. 021 2. 642 0. 016 
Trees per plot 7. 049 1. 765 22. 263 15. 696 
Bulk density (g./c.c.) 1. 275 0. 001 1. 200 0. 001 
Permeability resistance (p.s.i.) 10. 605 0, .158 10. 239 0. 150 
Soil pH 6, .805 0, .004 6. 613 0. 005 
Percent organic matter 7, .622 0, .293 8. 176 0. 210 
Table 10. Stratified means and mean variances^ for campsite and random 
plots, 1977 
Random plots Campsite plots 
Mean Mean 
Number of stems 0. 018 0. ,0002 0. 197 0. 002 
Percent woody vegetation 0. 403 0. ,099 0. ,080 0. 004 
Percent herbaceous vegetation 10. ,453 1. 969 17. 714 1. 526 
Percent grass 52. 788 5, 608 39. 541 13. 401 
Percent bare ground 9. 683 0, .593 9, .287 1. 977 
Bulk density (g./c.c.) 1, .269 0, .001 1, .261 0. 0002 
Permeability resistance (p.s.i.) 9. 513 0, .057 6, .840 0. 090 
Soil pH 6. 927 0. 001 6, .340 0. 0003 
Percent organic matter 8: .075 0 = 356 1: , 628 0. 028 
^Basal area, crown closure class, and number of trees per plot were 
not remeasured in 1977. 
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Table 11. Comparison of survey methods by t-statistics 
im 1977 
Variable t-value Variable t-value 
Unpaired Observations with Equal Variances 
Percent woody vegetation -3.862** 
Percent grass 3.274** 
Basal area -7.646** 
Crown closure class -5.336** 
Bulk density 4.859** 
Permeability resistance 1.728 
Soil pH 5.386** 
Percent organic matter -2.064* 
Percent woody vegetation 2.227* 
Percent herbaceous vege­
tation -8.270** 
Bulk density 0.577 
Permeability resistance 15.692** 
Soil pH 34.575** 
Percent organic matter 1.568 
Unpaired Observations with Unequal Variances 
Number of stems -2.211* 
Percent herbaceous vege­
tation -3.203* 
Percent bare ground -1.297 
Trees per plot -3.641* 
Number of stems 
Percent grass 
Percent bare ground 
-3.816* 
3.038* 
0.247 
*Significant at a = 0.05. 
**Significant at a = 0.01. 
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In 1976, random plots had significantly larger mean values for bulk 
density, soil pH, and percent grass, while campsite plots had significantly 
larger means for percent organic matter, percent herbaceous vegetation, 
number of stems, percent woody vegetation, basal area, crown closure class, 
and trees per plot. In 1977, random plots had significantly larger means 
for soil pH, permeability resistance, percent grass, and percent woody veg­
etation. Campsite plots had significantly larger means for percent herba­
ceous vegetation and number of stems. Although only a few variables were 
significantly different for both 1976 and 1977, it is important to note 
that campsite and campground conditions were not the same. Thus, average 
campsite conditions are not indicative of general soil and vegetation con­
ditions of campgrounds in northeast Iowa. To provide adequate information 
to campground managers, recreation planners, and land use planners, both 
campsites and campgrounds should be sampled. 
Average soil pH and percent grass were consistently significantly 
larger on random plots, while average number of stems and percent herba­
ceous vegetation were smaller. As soil pH has been found to increase with 
increased use (Dawson et al., 1978; Papamichos, 1966; Schmittgen, 1977; 
Young and Gilmore, 1976), random plots may receive comparatively more use 
than do campsite plots in northeast Iowa campgrounds. The significant 
differences for percent herbaceous vegetation and number of stems could 
further indicate that random plots receive comparatively more use than do 
campsite plots. Therefore, measuring only campsite conditions may ignore a 
major portion of recreation impact on Iowa sites. 
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IMPROVING RESEARCH PLOT DESIGN 
Within Plot Correlation 
In multi-purpose survey designs plot structure is important. As camp­
site plots were found to be heterogeneous, systematic sampling should pro­
duce precise estimates of population means. The question is "what form of 
systematic sample would be best?" Scoles (1977) found that on Ohio camp­
grounds, sites had not one but several distinct centers of concentrated 
use. Variation was found within sites, but soil and vegetation patterns 
did not extend symmetrically outward from use centers. The sites studied 
are quite similar to campsites in northeast Iowa; perhaps more points per 
transect on campsite plots would more precisely define soil and vegetation 
patterns. 
Random plots are relatively homogeneous within, therefore, systematic 
sampling will not be the most precise survey design (Cochran, 1977). 
Other methods, especially simple random sampling, should be more effective. 
Because the radial transect structure was arbitrarily chosen, design 
efficiency was first examined through correlations between the nine sample 
points per plot. The 36 individual correlations of the 9x9 correlation 
matrix between points theoretically are made up of eight different correla­
tions, based on distance between points (Figure 5). The eight distances 
are 13.85, 16.0, 28.84, 32.0, 41.57, 44.54, 56.00, and 69.28 feet. All 
sets of equidistant points should produce the same correlation. Bartletc's 
test for complete independence (Morrison, 1967) showed that the correlation 
matrices for number of stems and percent woody vegetation were not signifi­
cantly different from identity matrices (i.e., unity on the main diagonal 
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Correlation matrix between points 
Distance 
Correlation Between Points 
PI 13.85' 
P4 16.0* 
P5 32.0' 
P6 28.84' 
P2 41.57' 
P8 44.54' 
P7 56.0' 
P3 69.28' 
Figure 5. Structure of correlation matrix between the nine sample plots 
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and all other elements zero). This indicates that there was no significant 
correlations between any pairs of points for these variables, which was 
probably due to the low number of trees on Iowa campgrounds. As soil con­
ditions were sampled on only three points, between point correlations were 
examined only for percent herbaceous vegetation, percent grass, and percent 
bare ground. 
Distance between points was regressed on the eight distance correla­
tions for the three variables for each survey method. Each variable's cor­
relation matrix would provide 36 observations for the regressions. If 
adjacent points are highly correlated, information per point is decreased. 
The purpose of these regressions is to determine at what spacings correla­
tion between adjacent points is no longer significant. 
Significant F-tests resulted for all variable-method-year combina­
tions, with the exception of percent bare ground for random plots in 1976 
(Table 12). Percent bare ground produced the smallest coefficient of 
2 
determination (R ) for all combinations. The highest percent variation 
accounted for by the regression was lower than desired for estimation 
2 (i.e., an R of 0.52 for percent grass on 1976 random plots). Several data 
transformations were tried in an attempt to improve regression fits. Cor­
relation between points was regressed on the log to the base 10 of distance 
(Table 12) but did not improve the model fit. Regressing correlations upon 
the inverse of distance and the square of inverse distance also did not 
improve coefficients of determination (Table 13). Correlations were trans­
formed to Fisher's z statistic, which has an approximately normal distribu­
tion (Snedecor and Cochran, 1967). Regressing z on distance and log^^ 
(distance) also did not substantially improve relationships between 
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Table 12. Regression of distance and log^^ (distance) on correlation 
Model 1 a Model 2" 
Variable F R^ F RZ 
Campsite Plots—1976 
Percent herbaceous vegetation 17.00** 0.33 20.16** 0.37 
Percent grass 18.70** 0.35 18.45** 0.35 
Percent bare ground 6.08* 0.15 7.37** 0.18 
Campsite Plots—1977 
Percent herbaceous vegetation 9.89** 0.22 11.72** 0.26 
Percent grass 18.71** 0.35 18.38** 0.35 
Percent bare ground 4.40* 0.11 4.22* 0.11 
Random Plots—1976 
Percent herbaceous vegetation 18.67** 0.35 15.18** 0,31 
Percent grass 36.64** 0.52 37.48** 0.52 
Percent bare ground 0.38 0.01 0.82 0.02 
Random Plots—1977 
Percent herbaceous vegetation 24.81** 0.42 22.19** 0.39 
Percent grass 25.68** 0.43 25.56** 0.43 
Percent bare ground 8.34** 0.20 11.83** 0.26 
^odel 1: correlation = b^ + b^ (distance). 
^Model 2: correlation = b^ + b^ (log^^ distance). 
*Slgnifleant at a = 0.05. 
**Signlfleant at ot = 0.01. 
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Table 13. Regression of (1/distance) and (1/distance) on correlation 
Model 3^ Model 4^ 
Variable F P" F R? 
Campsite Plots—1976 
Percent herbaceous vegetation 20.87** 0.38 19.62** 0.36 
Percent grass 16.29** 0.32 14.01** 0.29 
Percent bare ground 7.82** 0.19 7.60** 0.18 
Campsite Plots—1977 
Percent herbaceous vegetation 12.39** 0.27 12.33** 0.27 
Percent grass 16.34** 0.32 14.12** 0.29 
Percent bare ground 3.77 0.10 3.24 0.09 
Random Plots—1976 
Percent herbaceous vegetation 11.03** 0.24 8.23** 0.19 
Percent grass 32.26** 0.49 26.42** 0.44 
Percent bare ground 1.48 0,04 2.19 0.06 
Random Plots—1977 
Percent herbaceous vegetation 17.80** 0.34 14.23** 0.30 
Percent grass 22.06** 0.39 18.33** 0.35 
Percent bare ground 15.37** 0.31 18.44** 0.35 
^Model 3: correlation = b^ + b^ (1/distance). 
^Model 4; correlation = b^ + b^ (1/distance)^. 
*Significant at a = 0.05. 
**Significant at a = 0.01. 
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distance and correlation (Table 14). The lack of good fit could be due to 
a sparse distribution of points located from 10 to 30 feet apart. More 
points evenly spaced may detect relationships better. 
These regressions unfortunately are not adequate for determining 
proper spacing between transect points because of relatively low coeffi­
cients of determination. Figures 6 and 7 depict the regressions between 
transformed correlations and distances for each survey method. This model 
2 
produced the best regressions in terms of R . With 35 degrees of freedom, 
correlations greater than 0.32 would be significant (Snedecor and Cochran, 
1967). As a rough measure, points 20 feet apart for campsite plots and 
50 feet apart for random plots should provide information with less dupli­
cation. 
Design Modification of Random Plots 
To improve the survey method that would best sample campsites and 
campgrounds, results of individual year split-plot analyses of variance are 
useful. No significant differences were found between transects or points 
along transects for vegetation, and no significant differences between soil 
characteristics along transects were detected for 1976 and 1977 random 
plots (Tables 3, 4, and 5). This would seem to indicate the same number of 
sample points more randomly located could improve the precision of esti­
mates. One method to compare alternative sampling designs would be rela­
tive efficiencies. As mentioned previously, variances of overall means 
were calculated using plot averages. An alternative method would be to use 
stratified cluster sampling, again using campgrounds as strata. Variation 
between elements would then be composed of variation between cluster means 
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Table 14. Regression of distance and log^^ (distance) on 
Model 5 
b 
Model 6^ 
Variable F R% F RZ 
Campsite Plots—1976 
Percent herbaceous vegetation 17.09** 0.33 20.74** 0.38 
Percent grass 19.26** 0.36 20.35** 0.37 
Percent bare ground 6.25* 0.16 7.64** 0.18 
Campsite Plots—1977 
Percent herbaceous vegetation 9.94** 0.23 11.59** 0.25 
Percent grass 19.00** 0.36 19.27** 0.36 
Percent bare ground 3.37 0.09 3. 14 0.08 
Random Plots—1976 
Percent herbaceous vegetation 19.66** 0.37 16.33** 0.33 
Percent grass 35.92** 0.51 40.46** 0.55 
Percent bare ground 0.56 0.02 1.07 0.08 
Random Plots—1977 
Percent herbaceous vegetation 22.33** 0.40 21.60** 0.39 
Percent grass 22.69** 0.40 23.39** 0.41 
Percent bare ground 9.02** 0.21 13.43** 0.28 
^Fisher's transformation of correlation r: z = i2(log^(l+r)-log 
(1-r)). 
^Model 5, z = (distance). 
^Model 6, z = bp + bj (log^^ distance). 
*Signifleant at a = 0.05. 
**Signifleant at a = 0.01. 
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Figure 6. Relationship of distance between points to correlation for camp­
site plots, 1976 and 1977 
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in the population and mean variation within clusters. Efficiency in 
cluster samples decreases as the number of elements within clusters 
increases, as does accuracy of population estimates (Sukhatme and Sukhatme, 
1970). Efficiency increases as the mean variation between cluster mean 
decreases. Because variation between population elements is composed of 
two variance components, cluster sampling is rarely as efficient as simple 
random sampling, unless sample elements are scattered over a large area. 
Design changes and the resulting relative efficiencies will first be exam­
ined for vegetation characteristics and then for soil characteristics. 
Consider alternative 1 to be stratified cluster sampling, with nine 
randomly selected elements in each cluster. The overall variance of the 
mean, weighed across all strata, is calculated by substituting the cluster 
sampling population variance for each stratum into the proper stratified 
sampling formula (Cochran, 1977). For stratum h there would be clusters 
or plots, each cluster containing nine elements. 
As each plot was randomly located, consider each transect to be an 
individual plot. There would new be 3*n^ clusters in stratum h with each 
cluster having three elements. This design change should improve the accu­
racy and efficiency of population estimates. As sample size per stratum is 
trebled, there is no need to pool campgrounds into stratum 14. This design 
is called alternative 2. 
The nine elements of a random plot are systematically located, once 
plot center and the first transect azimuth are randomly selected. Now, 
because of this randomization, assume the nine points on each plot are ran­
domly located. This will produce random sample points for stratum h. 
The relative efficiency of stratified random sampling and stratified 
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cluster sampling can then be compared. This design will be referred to as 
alternative 3. 
For soil characteristics, again consider the random plot design to be 
stratified cluster sampling with n^ clusters per stratum, each with three 
randomly selected elements. This would be alternative 4. Alternative 5 
would be stratified random sampling, where each soil sample point is con­
sidered a random point, producing 3*n^ ramdon samples per stratum. Table 
15 lists all five alternatives. 
The overall population mean variances for alternative survey designs 
for percent herbaceous vegetation, percent grass, and percent bare ground 
for 1976 and 1977 are shown in Table 16. Considerable reduction occurred 
in the mean variation for each variable under alternatives 2 and 3, while 
alternative 1 showed consistently higher variation than the current design. 
Among the three alternative designs, stratified random sampling (alterna­
tive 3) produced the best relative efficiencies for all variables for 1976 
and 1977 (Table 17). Stratified cluster sampling with three elements per 
clusLtir (alternative 2) aaOwêù alight improveiiieiit lur pêtCênt uêibàCêûuâ 
vegetation and percent grass but was less efficient than the current design 
for percent bare ground. For stratified cluster sampling using nine ele­
ments per cluster, all variables showed the current design to be most 
efficient. 
Table 18 shows the overall mean variation and relative efficiencies 
for each of the four soil variables for the current design and alternatives 
4 and 5. As anticipated from the population homogeneity, random sampling 
is more efficient than cluster sampling. Stratified cluster sampling with 
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Table 15. Alternative sampling designs used to calculate relative effi­
ciencies for random plots 
Alternative 
number Design 
Stratified cluster sampling of vegetation variables, 
assuming 9 randomly selected elements per cluster. 
Stratum h would have n^ clusters. 
Stratified cluster sampling of vegetation variables, 
assuming 3 randomly selected elements per cluster. 
Stratum h would have 3*n^ clusters. 
Stratified random sampling of vegetation variables, 
assuming each sample point in each plot to be a randomly 
selected survey plot. Stratum h would have 9*n^ plots. 
Stratified cluster sampling of soil variables, assuming 
each soil transect to be a cluster with 3 randomly 
selected elements. Stratum h would have n, clusters. 
h 
Stratified random sampling of soil variables, assuming 
each soil sample point to be a randomly selected survey 
plot. Stratum h would have 3*n^ plots. 
51 
Table 16. Overall mean variation for alternative survey designs for vege­
tation on random plots 
Variable Year 
Current 
design 
Alternative 
1 
Alternative Alternative 
2 3 
Percent 
herbaceous 
vegetation 
1976 
1977 
3.391 
1.969 
9.191 
7.070 
2.896 
2.305 
1.004 
0.758 
Percent 
grass 
1976 
1977 
9.028 
5.608 
20.981 
16.241 
6.935 
5.125 
2.322 
1.718 
Percent 
bare ground 
1976 
1977 
5.066 
0.593 
24.189 
10.201 
7.674 
3.683 
2.458 
1.203 
Table 17. Relative efficiencies for alternative survey designs for vege­
tation on random plots 
Variable ïear 
Alternative 
1 
Alternative 
2 
Alternative 
3 
Percent 
herbaceous 
vêgêtatiOii 
1976 
1977 
2.710 
3.591 
0.854 
1.171 
0.296 
0.385 
Percent 
grass 
1976 
1977 
2.324 
2.896 
0.768 
0.914 
0.257 
0.306 
Percent 
bare ground 
1976 
1977 
4.775 
17.202 
1.515 
6 . 2 1 1  
0.485 
2.029 
g2_ 
VvClative efficiency = * alternative 
2_ 
X current design 
52 
Table 18. Overall mean variation and relative efficiencies^ for alterna­
tive survey design for soil conditions on random plots 
Alternative 4 Alternative 5 
Current Mean y Mean 
Variable Year design variation R.E. variation R.E. 
Bulk density 1976 0. 001 0. ,0009 0. ,900 0. 0003 0. 300 
1977 0. 001 0, ,0007 0. ,700 0. 0002 0. 250 
Permeability 1976 0. 158 0. ,0002 0. ,001 0. ,000002 0. 00001 
resistance 1977 0. ,057 0, ,00001 0, 0002 0. ,000001 0. 00004 
Soil pH 1976 0. ,004 0. ,0043 1. 075 0. ,0014 0. 350 
1977 0. ,001 0. 0014 1, .400 0. ,0005 0. 480 
Percent 1976 0, .293 0, .3225 1, 101 0, .1059 0. 361 
organic 1977 0, .356 0, .4030 1, .132 0, .1497 0. 420 
matter 
Relative efficiency = —= . 
g — 
X current design 
^Relative efficiency. 
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three elements per cluster would be advantageous for permeability, but the 
remaining soil variates show the current design to be as efficient. 
Stratified random sampling, choosing random points within strata to 
measure vegetation cover and soil conditions, appears to be the best method 
for sampling Iowa campgrounds. Information for the population means, where 
information is defined as inversely proportional to variance (Snedecor, 
1946), is graphed for alternatives 1, 2, and 3 in Figure 8. Alternative 3, 
stratified random sampling, improves the amount of information about the 
population mean, in comparison to the two types of stratified cluster sam­
pling. The highest gain in information through stratified random sampling 
was made for percent herbaceous vegetation, the least for percent grass. 
However, the time involved in locating several random points on which to 
center the mil-acre and H mil-acre quadrats in each campground might be 
excessive. Locating random points for plot centers, defining the entire 
plot as the cluster population, and then randomly selecting three sample 
points within plot boundaries may prove more cost efficient for random 
plots. 
14 
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Figure 8. Information on population tnfans for different cluster sizes 
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SAMPLE SIZE FOR FUTURE SURVEYS 
Allocation for Multi-Purpose Surveys 
Because this survey was considered a pilot study to evaluate sample 
frames and plot designs, sample sizes for each campground were arbitrarily 
set. If further research is considered, information on minimum sample 
sizes that meet desired accuracy and cost limitations may be desirable. 
For multi-purpose surveys choosing between sample allocations for different 
variables can be difficult. If different allocations occur within a rela­
tively small range, a good balance can usually be achieved. A wide range 
of allocations can lead to significant increases in variances of some vari­
ables under the chosen variable's optimum allocation. Tabulating mean 
variances for different variables and showing how sample allocation varies 
under different cost and accuracy restraints may help future research deci­
sions. 
Two different categories of sample size were considered. The first 
involves researchers further investigating recreation impact across the 
same campgrounds used in this study. Optimum allocation to maximize preci­
sion for a fixed cost and to estimate a mean with fixed variance are 
examined in this context. The second category consists of individual 
resource managers who wish to moniter their own areas. Here, the need is 
for allocations to the individual campgrounds, based on desired precision 
of population estimates. Only 1977 strata means and mean variances were 
used to calculate optimum allocations. It was believed that less human 
error would be present in the second year of data collection. Also, those 
campgrounds combined into stratum 14 for both survey methods had its 
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allocation divided evenly among them. Finally, the allocation was modified 
by setting a minimum sample size of two plots per stratum to allow vari­
ances to be calculated. 
Optimum Allocation across Strata for Fixed Costs 
In most sampling situations, the prime restraint is survey cost. Once 
the sample size permissible from available funds has been determined, allo­
cations can be made to different sections of the population. Hence, opti­
mum allocation across all strata was first calculated to maximize precision 
for certain variables under fixed cost constraints. Because random plots 
would need to be located and established, while campsite plots require only 
selection from existing sites, different costs are involved. For random 
plots, only 1976 factors were used to determine optimum allocation, as 
these costs include selection, location, and establishment of plots. 
For campsite plots, all involved costs for 1976 and 1977 were averaged. 
Total cost per stratum was defined as a function of travel costs (t^^ and 
measurement costs (m^^) for both survey methods. 
"h 
(1) = b * 
where : 
m, = average cost of plot measurement in stratum h (dollars) 
h 
b = salary of field worker ($/minute) 
a^j^ = number of minutes to measure plot i, stratum h 
n^ = number of plots in stratum h 
and : 
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1=1 
where : 
th = average travel costs involved in measuring plots in stra­
tum h 
d^^ = miles traveled to measure plot i in stratum h 
e = mileage costs of vehicle, set at $0.15/mile 
f = road salary of field worker, set at $5.00/hour/55 m.p.h. 
n^ = number of plots in stratum h 
and 
(3) c^ = t^ + m^ = average total cost of measuring a plot in stra­
tum h. 
Cost components for each stratum came from time and mileage totals 
reported on plot data sheets. 
Optimum allocations across all strata to maximize precision for fixed 
costs were determined only for three of the understory and ground cover 
variables. The decision to omit calculations for soil variables was made 
after coefficients of variation were examined for all 12 variables. Soil 
variables consistently had much lower coefficients of variation compared to 
other variables and so would require lower sample sizes. It was decided 
that more control was needed over the characteristics with high variabil­
ity: percent herbaceous vegetation, percent grass, and percent bare 
ground. These variables will be referred to as the cover variables. 
Optimum allocation (Sukhatme and Sukhatme, 1970) to estimate a popula­
tion mean with maximum precision for a fixed cost (C ) is calculated from: 
58 
•'S 
where ; 
n == total sample size for all H strata 
C = fixed cost 
o 
= weighting factor for stratum h 
2 
S, == variance of stratum h 
h 
= cost per plot in stratum h 
and: 
"h - '•W •'V * <=0'jjVh 
where n^ is the optimum allocation to each stratum. Both sides of equation 
4 can be divided by C^, producing: 
H 
(6) k = n/C = 
where multiplying k by any gives the optimum sample size to maximize 
precision for cost C . Values of k for the three cover variables along 
o 
with required sample sizes for C^'s of $500, $1500, and $3000 for random 
and campsite plots are given in Table 19. Campsites require a larger sam­
ple size than do random plots for all three variables. For random plots, 
percent herbaceous vegetation requires the largest sample; percent grass 
and perceiiL bare ground need approximately equal allocations. For camp­
site plots, all three variables require roughly the same sample size. 
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Table 19. Required sample size for estimations of population means to 
achieve maximum precision for different fixed costs 
Fixed costs 
Percent herbaceous 
vegetation 
Percent 
grass 
Percent bare 
ground 
$500 
$1500 
$3000 
$500 
$1500 
$3000 
Random Plots 
32 
95 
189 
0.0631 
Campsite Plots 
38 
115 
229 
28 
83 
166 
0.0552 
38 
114 
228 
26 
79 
157 
0.0524 
37 
110 
220 
k 0.0764 0.0760 0.0732 
= n/Cg, where is fixed cost and n is total sample size required. 
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Table 20 shows the allocations to the 13 campgrounds when is $1500. 
Allocations for the other would be proportional. Strata 5 and 12 com­
monly receive major allocations for both survey methods. These strata are, 
respectively. Little Paint Creek Campground at Yellow River State Forest 
and the lower campground at Backbone State Park, the two largest camp­
grounds in the study. Strata 2, Pikes Peak State Park, requires a notice­
ably larger allocation for surveying bare ground on random plots. This 
campground has a high number of trees per plot, and good crown closure and 
good grass cover are mutually exclusive. Stratum 7, Big Paint Creek Camp­
ground at Yellow River State Forest, is another large, highly-used camp­
ground. It also requires above average allocations to survey percent 
herbaceous vegetation and percent grass. 
Optimum Allocation across Strata for Fixed Variances 
In this form of optimum allocation (Sukhatme and Sukhatme, 1970), 
sample size n is defined as minimum size required to estimate a population 
mean with a fixed variance V : 
o 
H H 
\ / / n TT 
n " " 
where : 
= weighting factor for stratum h 
S^ = standard error of stratum h 
C^ = cost per plot in stratum h 
= desired variance of estimated population mean 
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Table 20. Allocation to strata, by required sample size for population ^ 
mean estimation for maximum precision for fixed cost C = $1500 
o 
Random plots Campsite plots 
Percent Percent Percent Percent 
herbaceous Percent bare herbaceous Percent bare 
Stratum vegetation grass ground vegetation grass ground 
1 5 9 2 12 7 2 
2 5 5 24 3 14 2 
3 3 5 8 2 3 2 
4 5 2 2 2 2 2 
5 37 18 10 25 50 26 
6 5 2 2 2 2 2 
7 14 14 4 8 4 10 
8 2 2 8 2 2 2 
9 2 2 2 2 3 2 
10 6 2 2 2 2 2 
11 2 2 2 2 3 4 
12 12 21 15 41 13 58 
13 2 4 5 14 10 4 
= optimum allocation per stratum h where: 
"h = <Vh' 
il— i 
- stratum weight for stratum h 
S, = standard error for stratum h 
h 
= average cost of a plot in stratum h. 
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H = total number of strata 
N = population size 
and: 
(8) * (J,Vh •'S) / + i  Vh' 
h=l n=l 
The sample size for each cover variable was calculated from three 
coefficients of variation: 10%, 30%, and 60%. These coefficients were 
each transformed to V by: 
o •' 
(9) C.V. = (S/X) * 100 
( (x * C.V.) /lOO = s^ 
(10) ( (x * C.V.) /lOO )2/n = s^/n = V^ 
where : 
C.V. = chosen coefficient of variation 
X = population mean 
2 
S = population variance 
X = sample estimate of population mean 
2 
s = estimate of variance from desired C.V. 
V^ = fixed variance desired for population estimate 
and substituted into equations 7 and 8. Sample sizes of random plots and 
campsite plots for the three chosen coefficients of variation are given in 
Table 21. For percent herbaceous vegetation and percent grass, random 
plots require a larger sample to reach desired precision than do campsite 
plots. For percent bare ground the reverse is true. For each plot type, 
percent herbaceous vegetation requires the largest sample size and percent 
grass the smallest. Because depends on x, the overall mean, the vari­
able with the largest overall mean would produce the largest V^ among the 
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Table 21. Minimum sample size required to estimate population means with 
fixed variances, for three levels of precision 
Percent herbaceous Percent Percent bare 
C.V. vegetation grass ground 
Random Plots 
10 285 146 161 
30 126 22 58 
60 44 6 17 
Campsite Plots 
10 187 127 184 
30 50 27 116 
60 14 7 52 
^Coefficient of variation, (S/x) * 100. 
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cover variables. A high would lower total sample size. Percent grass 
has the largest mean of the three variables (random plots, 1977: percent 
grass 52.8, percent herbaceous vegetation 10.4, and percent bare ground 
9.7) which would contribute to its smaller allocation. Note that for both 
methods a 60% coefficient of variation would produce fractional allocations 
to most campgrounds. Thus, allocations originating from 10% and 30% coef­
ficients of variation are more realistic. 
Strata allocations were calculated using equation 8 and a coefficient 
of variation of 10% for percent herbaceous vegetation, percent grass, and 
percent bare ground (Table 22). Allocations were modified as before to 
insure each stratum had a minimum of two plots. Those campgrounds compos­
ing stratum 14 had its allocations evenly distributed among them. Strata 5 
and 12 again consistently received major allocations for both plot types. 
These strata, besides being the largest, were also among the most unstruc­
tured of all campgrounds. In terms of campsite plots, these same camp­
grounds receive a large portion of the recreation use in northeast Iowa. 
Sample Sizes for Individual Campgrounds 
Based on Relative Error 
Besides researchers, campground managers may also wish to monitor 
current conditions on their areas. To assist them, sample sizes for indi­
vidual campgrounds were calculated, based on relative error desired for 
estimated population means of each campground. This procedure (Sukhatme 
and Sukhatme, 1970) used the half-width of a desired confidence interval to 
define the relative error allowed. 
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Table 22. Optimum allocation to strata^, by minimum sample size required 
to estimate population means and achieve 10% coefficients of 
variation 
Random plots Campsite plots 
Percent Percent Percent Percent 
herbaceous Percent bare herbaceous Percent bare 
Stratum vegetation grass ground vegetation grass ground 
1 16 16 4 30 8 2 
2 15 9 50 6 15 3 
3 8 8 16 3 3 2 
4 16 2 2 2 3 2 
5 112 32 21 41 56 44 
6 16 2 2 2 O c. 2 
7 42 25 7 14 4 17 
8 4 4 16 2 2 2 
9 2 2 2 3 2 2 
10 17 2 2 3 2 2 
11 2 4 2 3 4 6 
12 35 38 32 67 14 97 
13 2 6 10 23 11 7 
n^ = optimum allocation per stratum h where: 
"h = <Vh ''S> 
V + 1 _ 
o — C_ -, 
K L W, D 
h h 
= stratum weight for stratum h 
S, = standard error for stratum h 
h 
= average cost of a plot in stratum h 
V = desired variance of estimated mean, calculated from 10% 
° coefficient of variation. 
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(11) n = (ts/rx)^ / (1 + N (ts/rx)^ 
where : 
n = sample size 
t = t value for alpha = 0.10 and n^-1 degrees of freedom 
rx = relative error of population mean desired, where x is the 
sample estimate of the population mean and r is desired 
percentage of the mean 
N = population size, for the campground 
2 
s = sample estimate of population variance 
Usually a first approximation of n is used, n^, to ease computations 
(12) n^ = (ts/rx)^ 
Cochran (1977) recommends that if n^/N is roughly greater than 20% of popu­
lation size N, that n be reduced to 
(13) n = n / (1 + n /N) 
o g 
1977 sample means for each campground, for both plot types, were used in 
equation 12. The t-statistic used had an alpha level of 0.10 and n^-1 
degrees of freedom, where n. is the sample size used for each plot type in 
h 
campground h. It was decided that an r of 0.25 would be realistic for 
campground managers in terms of required precision. 
Seven variables were used to determine sample size: percent her­
baceous vegetation, percent grass, percent bare ground, soil bulk density, 
permeability resistance, soil pH, and soil percent organic matter. Where 
researchers would probably conduct a multi-purpose survey, managers may be 
interested in just one variable. The variances for stratum 14 were used 
(equation 12) to provide sample sizes for its component campgrounds for 
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each survey method. Stratum 14's sample size was distributed among the 
involved campgrounds proportional to their relative sizes. Again, sample 
sizes of all campgrounds were set at a minimum of two plots. 
For soil variables, this minimum was usually sufficient (Tables 23 and 
24). This supports the use of cover variables to determine optimum alloca­
tion for multi-purpose surveys. Permeability resistance and percent 
organic matter require larger sample sizes on some of the larger camp­
grounds. Because of the range of ages between campgrounds, the sufficiency 
of this minimum sample may indicate that hardening of the soil to a point 
impervious to use has occurred. Merriam and Smith (1974) found that soil 
compaction reached a maximum by the second year in new sites in the Bound­
ary Waters Canoe Area and then leveled off. Thorud and Frissell (1976) 
found that compacted soil required four to nine years without use to 
recover its original bulk density. A sudden deterioration of soil vari­
ables (i.e., percent macropore space and percent organic matter decreasing, 
while bulk density and pH increase) would indicate sites are receiving use 
which could damage them beyond recovery. 
For cover variables, no clear patterns emerge, except that percent 
grass often requires fewer plots than either percent herbaceous vegetation 
or percent bare ground. Those campgrounds with large crown closures do 
require more plots for percent grass, since crown closure over 40% tends to 
restrict continuous grass cover (Dawson et al., 1978). 
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Table 23. Number of random plots required for individual campgrounds, for 
cover and soil variables, to estimate population means based on 
relative error 
Variables 
Percent Percent Permea- Percent 
Camp- herbaceous Percent bare Bulk bility Soil organic 
ground vegetation grass ground density resistance pH matter 
1 7 2 15 2 2 2 2 
2 14 10 19 8 4 2 2 
3 6 8 6 2 6 2 5 
4 3 2 3 2 3 2 ? 
5 17 2 30 2 2 2 2 
6 3 2 3 2 2 2 3 
7 19 3 20 2 2 2 2 
8 10 8 10 2 2 2 6 
9 2 2 3 2 2 2 2 
10 6 2 2 2 5 2 3 
11 5 3 5 2 3 2 2 
12 47 38 2 2 2 2 29 
13 3 9 10 2 6 2 3 
3. — / 
n = (ts/rx)" where: 
n = sample size per campground 
t = tn in m 1 where m is number of research plots in the camp­
ground 
r =0.25, relative precision desired 
X = sample average for each campground 
2 
s = sample variance for campground. 
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Table 24. Number of campsite plots required for individual campgrounds, 
for soil and cover variables, to estimate population means based 
on relative error 
Variables 
Percent Percent Permea- Percent 
Camp- herbaceous Percent bare Bulk bility Soil organic 
ground vegetation grass ground density resistance pH matter 
1 14 2 14 2 7 2 2 
2 3 12 2 2 2 2 7 
3 3 3 2 2 2 2 2 
4 2 2 2 2 2 2 3 
5 14 18 25 2 6 2 2 
6 2 2 2 2 2 2 2 
7 5 5 7 2 2 2 2 
8 2 0 2 2 2 2 2 
9 3 2 2 2 2 2 2 
10 5 3 5 2 2 2 2 
11 3 3 3 2 6 2 6 
12 31 13 19 3 4 2 5 
13 9 11 13 2 12 2 15 
3. . — 7 
n = (ts/rx)~ where: 
n = sample size per campground 
t ~ ^ 0 10 m 1 *^Gre m is number of research plots in the camp­
ground 
r =0.25, relative precision desired 
X = sample average for each campground 
2 
s = sample variance for each campground. 
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SUMMARY AND DISCUSSION 
Summary 
The objective of this study was to determine if survey plots centered 
on permanent campsites provided adequate management information on recrea­
tion impact upon soil and vegetation of northeast Iowa campgrounds. It was 
felt that, as random use was found on all campgrounds, concentrating on 
site-specific recreation use would ignore a potentially major component of 
recreation impact. This study investigated and compared campsite-centered 
plots and plots randomly located across campgrounds. Results of the analy­
ses indicate: 
1. Campsite plots exhibited impact gradients outward from plot center 
as anticipated. No such patterns were found for random plots. 
2. Some variables showed gradients on campsite plots more distinctly 
than others, specifically bulk density, permeability resistance, 
percent herbaceous vegetation, percent bare ground, and number of 
stems. 
3. Internal analysis of campsite plots indicates that a more inten­
sive sample would provide better estimates of impact patterns. 
4. Some variables indicate more recreation impact may have occurred 
in the general campground than on specific campsites. 
5. Increased spacing between sample points along radial transects for 
both plot types may increase the amount of information produced 
per sample point. 
6. Stratified random sampling of campground conditions, using indi­
vidual quadrats rather than radial transects, would improve 
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sampling efficiency for both soil and vegetation variables. How­
ever, time costs may favor cluster sampling with three elements 
per cluster. 
7. Based on survey results, future surveys of research areas would 
require larger sample sizes to approximate normal distributions. 
Optimum allocations using sample statistics and fixed costs of 
$1500 or fixed variance derived from 10% coefficients of variation 
provided adequate strata allocations. 
8. Larger sample sizes are necessary for monitoring vegetation condi­
tions on individual campgrounds in comparison to soil conditions. 
Two plots per campground are usually sufficient for the four soil 
variables to produce acceptable confidence intervals for popula­
tion means. 
Discussion 
Sampling either campsites or the campground should be preceded by con­
sideration of the use of the survey results. To both researchers and camp­
ground managers, information from campsite surveys would fill a definite 
need. Knowing potential patterns of use would help managers to design and 
maintain future sites. Researchers could use such information to determine 
relationships between vegetation and soil variables and different use 
levels. However, if campground managers do not manage individual sites but 
campgrounds and if researchers are interested in total recreation Impact, 
then campsite surveys will ignore a major portion of that impact. 
No vegetation or soil spatial patterns were detected on random plots. 
Campsite plots exhibited gradients outward from plot centers for percent 
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herbaceous vegetation, percent bare ground, permeability resistance, and 
soil bulk density. However, percent grass and percent organic matter had 
larger averages at 24 feet. This could indicate that general use occurred 
within site boundaries or that more diffuse use patterns were present. 
More detailed surveys of campsite conditions may reveal several areas of 
concentrated use within sites. 
For both 1976 and 1977, average soil pH and percent grass were signif­
icantly larger and average number of stems and percent herbaceous vegeta­
tion were significantly smaller on random plots. This suggests that the 
unrestricted nature of most campgrounds tends to promote random campground 
use. If this is true, using average campsite conditions to estimate rec­
reation impact on Iowa campgrounds would underestimate actual recreation 
impact. 
A better random plot design to measure campground soil and vegetation 
patterns would involve stratified random sampling, using separate camp­
grounds for strata. Plots consisting of nested square mil-acre and quarter 
rail-acre quadrats, with associated soil samples, should prove more effi­
cient in terms of precision. Cluster sampling, selecting three random 
sample points within 40 feet of a randomly chosen plot center, would be 
less precise but may be more time efficient. Line transects, if used, 
should have points located approximately 50 feet apart to maximize informa­
tion per point. 
Normal distributions were used as approximate distributions for all 
variables, as insufficient sample size prevented investigation of 
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nonnormality. Sample size necessary for such investigations was helpful in 
establishing future sample allocations. Optimum allocation, either by 
fixed costs or desired variance restraints, will maximize precision for 
that specific allocation, but total survey size may be inadequate to 
approximate normality. Analysis of individual campgrounds suggested that 
some variables (e.g., percent bare ground and pH) had skewed distributions 
while others (e.g., percent grass and basal area) had approximately normal 
distributions. Hopefully the stratum allocations presented for costs of 
$1500 and fixed variances derived from 10% coefficients of variation will 
allow use of the normal distribution as an approximation of actual distri­
butions . 
Future Research 
One function of research is to raise questions and point out other 
paths to be explored. The following is a brief discussion of some of the 
ideas that arose from this study. 
The effects of skewed distributions on means and variances have been 
mentioned. Further investigation into the presence and extent of skewness 
for different variables would be worthwhile. If positive skewness is 
found, Cochran (1977) shows how to use Fisher's (1932) measure of skewness 
to calculate the sample size necessary to construct confidence intervals by 
the normal approximation. 
To provide additional information on recreation impact, sits indices 
could be used. Tree growth increments should be the best record of use 
impact, as trees existed before and after campground establishment. If 
enough trees could be sampled (approximately 100 or more), site indices for 
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red or white oak could be constructed and compared to indices for upland 
oak prepared by Schnur (1937) or Einsphar (1950), By themselves, such 
indices may allow prediction of the ages at which tree condition starts to 
deteriorate. 
Several studies have shown that maximum vegetative deterioration 
occurs within the first two years of campground use and that little change 
occurs afterwards (LaPage, 1967; Magill, 1970; Echelberger, 1971; Beardsley 
and Wagar, 1971; Merriam and Smith, 1974). This relationship with age has 
also been suggested for Iowa campgrounds. Monitoring new state campgrounds 
and continued sampling of present areas could provide this information for 
Iowa campgrounds. 
In the above study, or any study using large variable sets, principal 
components (Morrison, 1967) may prove useful. This technique could also be 
used to produce an index of durability, to emphasize those campground char­
acteristics that reduce or soften recreation impact. 
Another study would involve seasonal changes in campground conditions. 
Campgrounds in early spring often visually showed complete recovery iroiu 
excessive summer and fall impact. It is believed that most areas have 
reached a level of durability where spring rejuvenation is adequate for 
present use levels. Sites have become hardened enough to accommodate most 
current use levels without irreversible deterioration. Sampling at the 
beginning and end of each camping season should help define such changes 
and perhaps offer suggestions on what dates to open or close campgrounds to 
maximize revegetation. 
Although vegetation does appear to recover each year, by the end of 
the camping season most ground cover is under some stress. This stress may 
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be due to either recreation use or weather conditions, but both could be 
alleviated through cultural treatments. Campground maintenance usually 
consists of regular mowing, removal of dead limbs, and some reseeding. 
Costs may prove prohibitive, but treatments such as irrigation, fertiliza­
tion, and seeding have proved effective on Idaho campgrounds (Beardsley 
et al., 1974). Fay (1975) found a combination of fertilizer, liming, and 
fencing most effective in increasing ground cover on a 40-year-old recrea­
tion site on Mount Washington. Separating campgrounds into control blocks 
and treatment blocks could provide information on possible rehabilitation. 
Relationships between general impact and specific impact patterns on 
individual sites are only generally known. Greater definition would allow 
managers of more structured campgrounds to design future sites for minimum 
deterioration and maintenance. Isonomes (Ashby and Pigeon, 1942) could be 
used to detect vegetation and soil patterns on permanent campsites. Scoles 
(1977) used bulk density, but other soil properties should be considered. 
Steinbrenner's (1959) permeameter would allow quick and fairly accurate 
measurement of percent macropore space. Lull (1959) àuvisêu that bulk den­
sity was not the best indicator of soil compaction and that infiltration 
rates may be more sensitive. Tanner and Mamaril (1959) considered penetra­
tion resistance a better measure than bulk density but found it more liable 
to variations in soil moisture. 
The relationship between use levels and recreation impact on Towa 
campgrounds is still unknown. Studies in Illinois have shown that the most 
change in condition of vegetation or soil occurs between light and moderate 
use, as compared to moderate and heavy use (Young, 1978). Use information 
available for Iowa campgrounds varies in quality and would have to be 
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supplemented with additional use estimates. Care would also need to be 
taken when selecting sites from different use levels. Perhaps post-
stratification of selected sites, after sampling recreation use, would be 
the best approach. Stratification of campgrounds by soil type, topographi­
cal position, or forest type would help in interpretation and application 
of survey results. 
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RECOMMENDATIONS 
Based on the literature and the results of this study, the following 
recommendations are made for sampling soil and vegetation conditions on 
northeast Iowa campgrounds: 
1. To sample vegetation conditions, the recommended sample unit is a 
square h mil-acre quadrat. Understory vegetation (i.e., percent 
grass, percent herbaceous vegetation, and percent woody vegeta­
tion) and ground cover (i.e., percent litter and percent bare 
ground) are measured within quadrats. 
2. Simple random sampling within campgrounds is recommended, using 
randomly located square ^  mil-acre quadrats as sample plots. On 
campgrounds larger than 10 acres a sample plot consisting of three 
h mil-acre quadrats may be more time efficient. Each of the three 
quadrats may be randomly selected within 48 feet of randomly lo­
cated plot centers. Alternatively, the quadrats could be located 
50 feet apart on a linear transect with the first quadrat and the 
transect azimuth randomly chosen. 
3. If the radial transect survey plot (i.e., three radial transects 
with three quadrats systematically located on each transect) is 
used to sample either general campground or camp site conditions, 
transects on random plots should have quadrats at least 50 feet 
apart and transects on camp site plots should have quadrats at 
least 20 feet apart. Camp site plots should he centered on ran­
domly selected campsites. Campground plots should be centered on 
points randomly located across the campground. 
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4. To survey vegetation conditions, the total number of plots (i.e, 
single quadrats, quadrat clusters, or quadrat transects) randomly 
distributed across the campground should be equal to three times 
the total number of acres in the campground, for campgrounds 
smaller than 10 acres in size. For campgrounds larger than 10 
acres, the total number of plots should be equal to twice the 
total number of acres. 
5. To survey campground soil conditions, at least two randomly lo­
cated samples per campground are recommended. 
78 
LITERATURE CITED 
Ashby, E., and Pigeon, I. M. 1942. A new quantative method of analysis of 
plant communities. Aust. J. Sci. 5:19. 
Beardsley, W. G., and Wagar, J. A. 1971. Vegetation management on a 
forested recreation site. J. For. 69:728-731. 
Beardsley, W. G., Herrington, R. B., and Wagar, J. A. 1974. Recreation 
site management : How to rehabilitate a heavily used campground without 
stopping visitor use. J. For. 72:279-281. 
Cochran, W. G. 1977. Sampling techniques. John Wiley & Sons, Inc., New 
York. 
Dawson, J. 0., Countryman, D. C., and Fitten, R. R. 1978. Soil and vege­
tation patterns in northeastern Iowa campgrounds. J. Soil Water Conserv. 
33:39-41. 
DeVos, A., and Bailey, R. H. 1970. The effects of logging and intensive 
camping in Riding Mountain National Park. For. Chron. 46:49-55. 
Dotzenko, A. D., Papamichos, N. T., and Romine, D. S. 1967. Effect of 
recreation use on soil and moisture conditions in Rocky Mountain 
National Park. J. Soil Water Conserv. 22(5): 196-197. 
Echelberger, H. E. 1971. Vegetative changes at Adirondack campgrounds 
1964 to 1969. USDA For. Serv. Res. Note NE-142. 8 pp. 
Einspahr, D. W. 1950. Site index of oak in relation to soil and topogra­
phy. M.S. Thesis. Iowa State University, Ames, Iowa. 
Fay, S. 1975. Ground-cover vegetation management at back country recrea­
tion sites. USDA For, Serv. Res. Note NE-201. 5 pp. 
Fisher, R. A. 1932. Statistical methods for research workers. Oliver and 
Boyd, Edinburgh. 
Frissell, S. S., and Duncan, D. P. 1965. Campsite preference and deterio­
ration in the Quetico-Superior Canoe Country. J. For. 63:256-260. 
Goodall, D. W. 1970. Statistical plant ecology. Annu. Rev. Ecol. Syst. 
1:99-124. 
Greig-Smith, P. 1957. Quantitative plant ecology. Academic Press, Inc., 
Publishers, New York. 
Grime, J. P. 1973. Control of species density in herbaceous vegetation. 
J. Environ. Mgmt. 1:151-167. 
79 
Herrington, R. B., and Beardsley, W. G. 1970. Improvement and maintenance 
of campground vegetation in central Idaho. USDA For. Serv. Res. Pap. 
INT-87. 9 pp. 
LaPage, W. F. 1967. Some observations on campground trampling and ground 
cover response. USDA For. Serv. Res. Pap. NE-68. 11 pp. 
Liddle, M. J. 1975. A selective review of the ecological effects of human 
trampling on natural ecosystems. Biol. Conserv. 7:17-36. 
Lull, H. W. 1959. Soil compaction on forest and range lands. USDA For. 
Serv. Misc. Pub. 768. 33 pp. 
Lutz, H. J. 1945. Soil conditions of picnic grounds in public forest 
parks. J. For. 43:121-127. 
Magill, A. W. 1963. Evaluating ecological trends on campgrounds. USDA 
For. Serv. Res. Note PSW-16. 3 pp. 
Magill, A. W. 1970. Five California campgrounds... conditions improve 
after 5 years recreational use. USDA For. Serv. Res. Pap. PSW-2. 
18 pp. 
McEwen, D., and Tocher, S. R. 1976. Zone management: Key to controlling 
recreation impact in developed campsites. J. For. 74:90-93. 
Merriam, L. C., Jr., and Smith, C. K. 1974. Visitor impact on newly 
developed campsites in the Boundary Waters Canoe Area. J. For. 72:627-
630. 
Merriam, L. C., Jr., Goeckermann, K., Bloemendal, J. A., and Costello, 
T. M. 1971. A progress report on the condition of newly established 
campsites in the Boundarj' Waters Canoe Area. Minnesota Forestry 
Research Note - 232. 4 pp. 
Morrison, D. F. 1967. Multivariate statistical methods. McGraw-Hill Book 
Company, New York. 
Mosteller, F., and Tukey, J. W. 1977. Data analysis and regression. 
Addison-Wesley Publishing Company, Reading, Massachusetts. 
Papamichos, N. T. 1966. Light, soil, and moisture conditions in areas of 
heavy recreation use. M.S. Thesis. Colorado State University, Fort 
Collins. Colorado. 
Ripley, T. H. 1962. Recreation impact on southern Appalachian campgrounds 
and picnic sites. USDA For. Serv. Stn. Pap. SE-153. 20 pp. 
Schmittgen, M. C. 1977. Effects of visitor use on soil and vegetation of 
campground areas. M.S. Thesis. Ohio State University, Columbus, Ohio. 
80 
Schnur, G. L. 1937. Yield, stand, and volume tables for even-aged upland 
oak forests. USDA Tech. Bull. No. 560. 
Scoles, F. G. 1977. Patterns of visitor use and seasonal changes in camp­
site condition associated with site design, soil texture, and vegetative 
cover type. M.S. Thesis. Ohio State University, Columbus, Ohio. 
Settergren, C. D., and Cole, D. M. 1970. Recreation effects on soil and 
vegetation in the Missouri Ozarks. J. For. 68:231-233. 
Snedecor, G. W. 1946. Statistical methods. The Iowa State College Press, 
Ames, Iowa. 
Snedecor, G. W., and Cochran, W. G. 1967. Statistic methods. The Iowa 
State Press, Ames, Iowa. 
Steel, R. G. D., and Torrie, J. H. 1960. Principles and procedures of 
statistics. McGraw-Hill Book Company, Inc., New York. 
Steinbrenner, E. C. 1959. A portable air permeameter for forest soils. 
Soil Sci. Proc. 1959. 
Sukhatme, P. V., and Sukhatme, B. V. 1970. Sampling theory of surveys 
with applications. The Iowa State University Press, Ames, Iowa. 
Tanner, C. B., and Mamaril, C. P. 1959. Pasture compaction by animal 
traffic. Agron. J. 51:329-331. 
Thorud, D. B., and Frissell, S. S., Jr. 1976. Time changes in soil den­
sity following compaction under an oak forest. Minnesota Forestry 
Research Note - 257. 4 pp. 
Tukey, J. W. 1977. Exploratory data analysis. Addison-VJesley Publishing 
Company, Reading, Massachusetts. 
Young, R. A. 1978. Camping intensity effects on vegetative ground cover 
in Illinois campgrounds. J. Soil Water Conserv. 33(l):36-39. 
Young, R. A., and Gilmore, A. R. 1976. Effects of various camping inten­
sities on soil properties in Illinois campgrounds. J. Soil Water 
Conserv. 40(6);908-911. 
81 
ACKNOWLEDGMENTS 
I would like to express my sincere gratitude to Dr. David W. Country­
man and Dr. Lawrence C. Promnitz for their help in initiating this research 
and guiding its development and also for reviewing the manuscript. 
I would also like to thank Dr. George W. Thomson and all staff members 
and graduate students in the Department of Forestry for their encourage­
ment. Steven E. Jungst, a fellow biometrician, deserves special mention 
for his staunch support and invaluable aid over the past four years. 
Dr. David F. Cox and Dr. Paul N. Hinz deserve thanks for their help 
with experimental design and regression analyses. I am also grateful to 
other committee members. Dr. Roger Q. Landers, Jr., and Dr. Dwight W. 
Bensend, for their contributions and suggestions to my work. 
This study was done under North Central Region Research Project 
NC-126, and as such I thank the project leaders for financial support. 
Finally, I owe an immeasurable debt to my family, as without their 
moral support and unflagging confidence in my abilities this work could 
never have been completed. 
